The effects of viscosity on a steady, radial, spherically symmetric solar wind with an embedded, non-radial magnetic field are reconsidered. The correct expression for the classical viscosity in the presence of a non-radial magnetic field is shown to be different from that used in the past, and a means of describing non-classical viscosity is presented. A physical interpretation of the classical and nonclassical descriptions of viscosity is provided, and observational inferences are used in discussing the nature and degree of viscous effects in the solar wind. Following completion of the present paper, we have become aware of an independent study of the same general subject by Hollweg [1985] , and readers of the present paper are encouraged to examine Hollweg's paper (and a related paper by Bravenec et al. [1982] ). It presents the mathematical derivations in a more compact form, which anyone wishing to study viscous effects in a different geometry will probably find more useful. Our presentation is designed to provide a physical feeling for viscous effects in the unstructured solar wind, and our mathematical formulation is tailored to that end. 
INTRODUCTION
Over the past two decades, a number of authors have considered the possible effects of viscosity on the solar wind. Parker [1963] 
The form of (10)-(12) is exactly that of viscous terms in an unmagnetized solar wind or a wind with a radial magnetic field, except for the correction factor applied to rio in (9). Although this correction factor, (3/2 cos 2 0•-1/2) 2, approaches unity for a radial magnetic field, it is otherwise fundamentally different from the factor cos 2 0t that has been used in the past In the classical description, dilatation viscosity arises from a pressure anisotropy that is produced by the nonuniform expansion or contraction of a fluid element and is limited by collisional energy transfer among the three internal degrees of freedom characterizing the plasma [e.g., Braginskii, 1965; Price et al., 1975] . In our spherical expansion, for example, if du/dr < u/r and the magnetic field is radial, the pressure perpendicular to the magnetic field will tend to decrease (through expansion) more rapidly than the parallel pressure, and isotropy cannot be completely restored by collisions. Thus the diagonal components of the stress tensor represent corrections to the plasma pressure tensor, P, that account for the small pressure anisotropy: i.e., P = pI + •
In a strongly magnetized plasma (coz >> 1, where co and z are the relevant particle gyrofrequency and momentum transfer collision time, as for protons in equation (7) Since the ratios Cx, C2, and C3 measure only the relative magnitudes of viscous and pressure effects, a determination of the importance of the viscosity in the solar wind requires the additional consideration of the relative importance of pressure and other effects. For example, the pressure work term, pu, provides a measure of the advected thermal energy flux density (the enthalpy flux density is 5pu/2) that can be converted Table 1 , where parameters relevant to both the proton pressure anisotropy (rows 1-7) and the total plasma pressure anisotropy (rows 1, 2, and 8-12) are given. (Note that the parameterization in Table 1 The results shown in Figure 2 are qualitativ:ly similar to those of Figure 1 . The total pressure anisotropy includes effects of electron and alpha-particle pressure and the relative flow of alphas and protons (i.e., a single-fluid description of the plasma in which the total pressure is defined with respect to the mean flow speed is implied). The net result of these effects is to reduce the total pressure anisotropy below the proton pressure anisotropy, and thus to decrease the overall viscous effect on the single-fluid temperature below the effect of proton viscosity on the proton temperature.
C2= EXPANSIVE COOLING AI [(P,,-P.L)p2/(P,, P.L)]obse,ved

SLIMMARY AND CONCLUSIONS
Viscosity is associated with the existence of a non-zero stress tensor, and the stress tensor is that part of the pressure tensor that cannot be represented in terms of a scalar pressure. Thus, viscosity can be thought of as a correction to scalar pressure effects (e.g., pressure gradient force, expansive cooling) arising from off-diagonal components of the pressure tensor (shear viscosity) and non-uniform diagonal components of the pressure tensor (dilatation viscosity). The existence of non-uniform diagonal components is, of course, synonymous with the existence of a pressure anistropy. The term dilatation, which means expansion, is applied to the viscous effects associated with pressure anisotropy because in the classical description of dilatation viscosity it is assumed (implicitly) that the pressure anisotropy is created through nonuniform expansion ( cate that dilatation viscosity (or pressure anisotropy) has only a minor effect on the proton temperature and is quite negligible otherwise in this spatial range. In contrast, the classical description predicts a quite significant role for viscosity in this range, so it is clear that the classical description is not valid and the pressure anisotropy is controlled by something other than a balance between nonuniform expansion and Coulomb collisional energy exchange. Although one cannot rule out the possibility that dilatation viscosity becomes important inside 0.3 A U, it seems that the classical description is unlikely to be a reliable indicator of the importance of viscous effects in this, as yet, unobserved region of space.
